ABSTRACT
INTRODUCTION
Consumer neuroscience is an emerging branch in which researchers use neuroscientific tools to determine consumer reactions to different particular brands, commercials, products or purchasing environments (Krishnan, Anand, & Saju, 2016) . The new neuroscientific tools should allow understanding the impact (positive/approach or negative/withdrawal) of marketing strategies (Lee, Broderick, & Chamberlain, 2007) .
Commercial is an important object of study for Consumer Neuroscience research. With the current interest in the role of emotion in advertising, the use of neuroscientific tools let understand non-verbal emotional responses (Silberstein & Nield, 2012) . One such approach relies on measuring the difference between left and right hemisphere prefrontal cortical activity to assess like and dislike (Balconi, Stumpo & Leanza, 2014; Balconi & Pozzoli, 2008) . Much of this work was initiated by Davidson who measured brain electrical activity to assess patterns of activation during the experience of happiness and disgust. The author reported that disgust was found to be associated with increased right-sided activation in the frontal regions. In contrast, happiness was found to be accompanied by left-sided activation in the anterior temporal region compared with disgust (Davidson, Ekman, Saron, Senulis & Friesen, 1990) . Recent studies revealed an important role of the neurological reward system in reaction to the vision of different types of consumer goods. The increase of the theta frequency band in the dorsolateral prefrontal cortex (DLPFC) was evident when the consumers saw preferred stimuli . Some goods, more than others, are able to activate the prefrontal cortex because they may elicit a more direct representational significance in terms of rewarding-power (Schaefer & Rotte, 2007) . In addition, research showed the association between the left frontal regions and preferences of the subjects (Balconi & Crivelli, 2010; Balconi & Mazza, 2010; Kawasaki & Yamaguchi, 2012) .
Today the marketers are experimenting a new way to do commercials thanks to Virtual Reality (VR). VR affords marketers the opportunity to provide potential consumers with the most realistic experience. This provides an advanced, rich and immersive medium that is able to deliver distinctive, high-impact and memorable messages, and engage audiences and potential consumers (Schmitt, 1999; Pine & Gilmore, 1998 , 1999 Barnes, 2016) . The immersive value of the medium surpasses the traditional 2D screens and some evidence suggest that experienced presence might even surpass reality for some situations, depending on social co-construction and physical and cultural artifacts (Villani, Repetto, Cipresso & Riva, 2012) . The Oculus Rift is a tool that allows a person to step into the Virtual Experience and look in any directions. It tracks the head movements in the virtual world and this makes for a completely natural way to observe the world, which is a major factor in immersion (Desai, Desai, Ajmera & Mehta, 2014) .
The present research aims to explore the implicit (cognitive and physiological measures) and explicit (preference) consumers' response to the vision of four traditional TV commercials and four VR TV commercials. The hypothesis are two: the former is a higher cerebral activity in DLPFC (area supporting reward mechanisms) and the latter is a greater SCL in response to VR TV commercials, evaluated positively compared to traditional advertising. We expect that VR TV commercials appear more engaging and rewarding both implicitly and explicitly.
METHOD

Subjects
Seventeen healthy volunteers took part in the study (ten women, age range 20-30, M = 25; SD =2.4). They were undergraduate students of the Catholic University of Milan, all right-handed and with normal or corrected-to-normal visual acuity. Exclusion criteria were history of psychopathology for the subjects or immediate family. They gave informed written consent for participating in the study and the research was approved by the Ethical Committee institution where the work was carried out. The study conform the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964).
Stimuli and procedure
The research participants viewed four traditional commercials and four VR advertisements relative to different brand (Marvel, Nescafè, Volto, Coca Cola) in randomized order. For each chosen brand, the participants saw two different stimuli, one for each modality (traditional vs. VR). All commercial videos were interspersed from a black screen for the duration of five seconds.
During task execution EEG recordings were made using a 16-channel. An ElectroCap with Ag/AgCl electrodes was used to record EEGs from active scalp sites referred to the earlobes (10/20 system of electrode placement) (Pfurtscheller, 1992; Jasper, 1958) . We measured frontal (F7, F3, Fz, F4,F8), middle-central (Cz, C3, C4), temporo-parietal (P3/T7, Pz, P4/T8) and occipital (O1, O2) brain activity. Data were acquired using a sampling rate of 500Hz, with a frequency band of 0.01-50Hz. Offline a common average reference was computed successively to limit the problems associated with the signal-to-noise ratio (Pascual-Marqui, 2002; Ludwig, Miriani, Langhals, Joseph & David, 2008) . Additionally, two EOG electrodes were sited on the outer canthi to detect eye movements. The impedance of the recording electrodes was monitored prior to data collection for each subject and was always below 5kΩ. After performing EOG correction and visual inspection, only artifact-free trials were considered (rejected epochs: 5%). Blinks were also visually monitored. Ocular artifacts (eye movements and blinks) were corrected using an eye-movement correction algorithm that employs regression analysis in combination with artifact averaging (Pascual-Marqui, Michel & Lehmann, 1994; Semlitsch, Anderer Schuster & Presslich, 1986) . The digital EEG data (from all 16 active channels) were bandpass filtered in the following frequency bands: delta (0.5-4Hz), theta (4-8Hz), alpha (8-12Hz), beta (14-20Hz). The filtered signal samples were squared to obtain a signal proportional to the power of the EEG frequency band (Palmero-Soler, Dolan, Hadamschek & Tass, 2007; Pfurtscheller, 1992) .
About the autonomic measures, Bio-feedback (Biofeedback 2000, version 7.01) connected to a PC was used to record the autonomic activity. Skin conductance level (SCL) and skin conductance response (SCR) were registered continuously with a constant voltage. They were recorded from two electrodes placed on the medial phalanges of the second and third finger of the nondominant hand. Frequencies of interest generally ranged from 20 to 400 Hz.
Participants were seated comfortably in a moderately lit room with the screen positioned approximately 100 cm in front of their eyes to see traditional commercials. During the vision of VR advertising, participants putted on the "Oculus Rift". After each stimulus, participants were required to evaluate their preferences through semantic differential (seven points) composed to twenty adjective among which "Interesting", "Exciting" and "Captivating".
RESULTS
Band analysis, physiological measures and preference
Repeated measure ANOVA, with two within-subjects factors, type of advertising (2), brand (4), and area (4), was applied to the dependent variable of mean power distinctly for each band.
Errors associated with in homogeneity of variance were controlled by decreasing the degrees of freedom using the Greenhouse-Geiser epsilon. Posthoc analysis (contrast analysis for ANOVA, with Bonferroni corrections for multiple comparisons) was successively applied.
Significant effects were found for theta in frontal area, with a significant main effect for type of advertising (F(1) = 11.923, p = 0.005) (Fig.1) .
Figure 1. Comparison of Theta Band Activity in frontal area during the vision of VR and traditional TV commercials. A significant frontal activation was observed in VR TV Commercials
Furthermore, another repeated measure ANOVA, with two withinsubjects factors, type of advertising (2), and brand (4), was applied to the dependent variable of mean power distinctly for each physiological measure. A significant effect was observed (F(1) = 6.553, p = 0.023) about skin conductance level (SCL) (Fig.2) .
Figure 2. Comparison of Skin Conductance Level (SCL) during the vision of VR and traditional TV commercials. A significant SCL was observed in VR TV Commercials
A significant effect was observed for some adjective of differential semantic: interesting (F(1,8) = 33.779, p = 0.001) (Fig.3) and exciting (F (1) = 46.029, p = 0.001) (Fig.4) . 
DISCUSSION
The neuroscientific results and explicit consumer's preference showed how the subjects appeared more captivated and enthusiastic thank to a new way to do advertising. New marketing strategies seem to activate neurological reward system thank to the ability to immerse people in a different world where they can interact with other sand feel integral part. Previous research demonstrate that there are two kinds of rewards, primary (food, drink and sexuality) and secondary (like social and financial reward). As for as the secondary reward is concerned, the elements with high social value activate specific cerebral areas such as orbitofrontal cortex and DLPFC (Erk, Spitzer, Wunderlich, Gallery & Walter, 2002) . According to Sherman and Craig (2003) , there are four elements in virtual reality: virtual world, immersion, sensory feedback and interactivity. A virtual world is a description of a collection of objects in a space and rules and relationships governing these objects. Immersion is the sensation of being present in an environment. Sensory feedback is the selective provision of sensory data about the environment based on user input. Interactivity, finally, is the ability to navigate virtual worlds and to interact with objects, characters and places. About virtual world, the social influences are most important aspects to the consumer VR Experience. The feeling of socialness stems from the perception of an interaction with 'others' is a VR key component. An important social aspect is that 3D virtual worlds are often shared with groups of other people. Socialness can be defined as the extent to which users perceive social cues within a virtual environment considered as a social entity (Barnes & Vidgen, 2014) . Subjects encounter social cues within the virtual reality environment that contribute to the feeling of socialness, determined by the design of the VR environment, social influences and the psychological tendencies of each individual. Probably, these important social aspects, which characterize the VR, motivate the neurological reward system activation.
Furthermore, some previous results (Riva et al., 2007) showed the value of VR as affective channel, demonstrating that interaction with VR to invoke certain emotions produced the corresponding affective reaction. Certain emotive features of VR experiences have an important impact on the consumer and probably this motivates the higher SCL and again the EEG results during the vision of VR TV commercials. Another important result of this research regards the strong relationship between the explicit evaluations of the consumer's preference. It is evident that there is a strong coherence between different typologies of measure (EEG and physiological measurements and semantic differential results).
